The search of novel strains continues to be of great importance in research around the world for pharmaceutical, industrial, agricultural and biomining applications. The present study aims to investigating the microbial diversity of rock samples collected from Um Bogma formation, southwestern Sinai, Egypt which was chosen for its unique location, geological and physicochemical properties. The studied samples showed small microbial diversity and low microbial count. A total of ten isolates of actinobacteria and ten isolates of fungi were isolated and characterized phenotypically. The results indicated that all the isolated actinobacteria belong to the genus Streptomyces. They were all halotolerant with some showing antimicrobial activities when tested against Bacillus subtilis, Pseudomonas aeruginosa ATCC 9027, Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 8739, Candida albicans and Aspergillus flavus. On the other hand, all the studied fungal isolates belong to the genus Aspergillus. They showed resistance to the antifungal nystatin when a concentration of 50 µg per ml was used. The studied locations is characterized by their harsh conditions which does not support the growth of most microorganisms which includes a temperature ranging from below 0°C at night to above 46°C throughout the day, low water content and organic matter hosting radioactive and heavy elements. Rock-dwelling microbial communities that survived such conditions open further 67 research investigations on studying phylogenetic relationships between them as well as their possible microbial activities that can be of environmental and industrial importance.
Introduction
Sinai is a very important and economically-promising region in Egypt due to its unique location, the current developmental projects in it and the various exploitation opportunities it offers. It contains soils and rocks that has been intensively explored and proved to be rich in rare Microbiota of desert ecosystems plays a role in the biogeochemical cycling of elements as well as balancing the ecosystem (Bhatnagar & Bhatnagar, 2005) . Fungi are significant geoactive agents capable of many transformations of metals and minerals that significantly alter the surface structure and chemistry of rocks and their constituent minerals which is important in the bioweathering of rocks as they affect element availability for living organisms (Gadd, 2017) .
Total count of different microorganisms.
The enumeration of the microbial flora of each sample was carried out on nutrient agar (Atlas, 2006a) , starch nitrate agar (Aghighi et al., 2004) and Czapek's agar (Atlas, 2006b) media to count bacteria, actinobacteria and fungi, respectively. Aliquots (0.1 ml) from dilutions 10 -1 to 10 -5 were spread onto plates and liquefied medium was poured over the inoculum. After incubation at 37°C for 24 h (for bacteria) and 5-7 days (for actinomycetes and fungi), the obtained colonies were counted in the plates that contained 30-300 colonies and the average was measured (Obuekwe & Semple, 2011).
Isolation of actinobacteria and fungi.
Colonies of actinobacteria and fungi that showed different characteristics were picked up randomly using sterile inoculation loop and sub-cultured by quadrate streaking on the same medium on Starch Nitrate agar and Czapek's agar media respectively then incubated. Purification was done, when necessary, until pure cultures were obtained.
Preliminary identification of the tested microorganisms.
2.4.1. Actinobacterial isolates. The studied actinobacteria were identified tentatively on the basis of their colonial and cell morphology, production of pigments on different media, ability to grow on Czapek's agar, utilization of different carbon sources, tolerance to different concentrations of sodium chloride, sensitivity to streptomycin, growth at different temperatures and antimicrobial activity up to genus level according to Sinai desert is of great economic importance as a promising area in terms of mining because of its unique geochemistry and various rock types. Study the microbial diversity in such location is of great importance to examine the microbial flora inhabiting such an ancient and unique environment, their interaction with the environment and their unexplored potential for application in biotechnological processes.
3.1. Rock samples. The studied rock samples are of sedimentary type and belong to Um Bogma Formation (early Carboniferous age, 320 million years ago) . Wadi Naseib samples are calcareous dark shale with higher organic matter content, while Um Hamd sample is brownish ferruginous shale with carbonaceous organic material.
Enumeration of microorganisms in the tested rock sample. The heterotrophic plate count
of the microorganisms present in the studied samples when cultured at 37 and 55 °C is shown in table 1. The total count of microorganisms was low which might be due to the extreme temperature shifts in the studied locations throughout the year, the high concentration of heavy metal and radionuclides, low humidity and the low organic matter content (El Galy et al., 2008) .
These factors does not favor microbial growth and should cause reduction in microbial count.
The number of fungi was higher than that of bacteria except for sample III collected from Um Hamd mountain where bacterial count was higher when incubated at 55°C. Actinobacteria and fungi could not be isolated from the tested samples at a temperature of 55°C on starch nitrate agar and Czapek's agar respectively. Our results are in accordance with Brewer and Fierer (2018) who stated that exposed rock surfaces present unique challenges for microbial growth and survival due to being subjected to high levels of UV radiation, frequent desiccation and limited resource availability. They also indicated that several factors can affect the rock-associated microbial communities, including climate, rock type, geological location and age of rock surface. Our study enabled the isolation of 10 actinobacteria and 10 fungi. They were assigned the following symbols: A for actinobacteria, F for fungi, I, II and III according to the sample from which they were obtained and Arabic numerical to differentiate isolates obtained from the same sample.
Identification of the tested microorganisms.
3.4.1. Actinobacterial isolates. The studied actinobacterial isolates were aerobic, Gram-stainpositive, non-acid-alcohol-fast actinobacteria that have chalky appearance and form an extensively branched substrate mycelium which rarely fragments. The aerial mycelium forms long chains of spores (>15). They produced a wide variety of pigments responsible for the color of the vegetative (grey, white, beige, colorless, pink and salmon red) and aerial mycelia (white and grey). Colored diffusible pigments were also formed by some isolates (AII-1, AII-2, AII-3, AII-4, AII-5 and AIII-1) on ISP7. Spore chain was either rectus flexibilis, spiral, mono or verticillate. Phenotypic characteristics showed that all the tested isolates belong to genus Streptomyces according to Whitman (2012). The cultures on starch nitrate agar plates and the pictures of the coverslip cultures stained using Gram staining are shown in Figure 2 and their description is illustrated in tables 2 and 3.
All the isolates were capable of growth on Czapek's agar. They were also halotolerant as they were capable of resisting sodium chloride (2.5-7%). All were sensitive to 50 µg ml -1 streptomycin when tested on Bennet's agar. None were capable of growth at 55°C (except for isolate AII-2, AII-6 and AII-7 that gave weak growth). All were capable of growth at 25°C except isolate AIII-2 (isolate AI-1 and AII-5 gave weak growth). Only two isolates didn't show any antimicrobial activity when tested on nutrient agar (AII-2, AII-6 and AIII-2), while all the rest showed either antibacterial activity (AII-1, AII-4 and AII-7) or antifungal activity (AII-3) as well as the dual activities (AI-1, AII-5 andAIII-1) with different efficacies. None of the tested isolates was capable of using salicin as a carbon source. The tested actinobacteria had different preference to the tested carbon sources. The biochemical characteristics are shown in tables 4
and 5.
There are former studies that indicated presence of bacteria belonging to the genus 
Fungal isolates.
Examination of the studied isolates revealed that they have septate mycelium with a vesicle at the end of sporophore bearing catenate conidiospores, in addition to ascospores. Colony diameter ranged from 12 to > 50 mm after 10 days of incubation. Thus, they were all from the phylum Ascomycota and they belong to the genus Aspergillus et al. (2014) . They were found to be belonging to 8 species (A. terreus, A. flavus, A. candidus, A. medius, A. nidulans, A. niveus, A. tamarii and A. fumigatus) according to Humber ( All the studied fungi were capable of growth at 25°C except isolate FII-3. FIII-2 was capable of growth at 55°C, while FII-2, FII-3 and FII-6 couldn't grow and the rest gave only weak growth. The fungal isolates had either subclavate or globose, biseriate or uniseriate vesicle and the conidial head was either radiate or columnar. They formed globose conidia with different colors and globose, ovoid to ellipsoidal ascospores. Hülle cells was observed in case of isolates FII-3 and FII-6, aleuriospores were observed in case of isolates FI-1, FI-2, FII-1 and FII-4, while arthrospores were formed only by isolate FIII-1.
Our results are in accordance with Gonçalves et al. (2016) who studied the diversity of rock-associated fungi from Atacama Desert and obtained 81 fungal isolates that belonged to the Ascomycota taxa as proved by sequencing different regions of DNA. They found that most of the isolated fungi belonged to the genera Cladosporium, Penicillium, Aspergillus and Fusarium. Other studies also involving rock colonizing fungi indicates the presence of fungi that belong to the phylum Ascomycota in the studied samples (Li et al., 2016; Brewer &   Fierer, 2018) . Moreover, several authors proved that different species belonging to the genus Aspergillus were capable of adapting desert environments and also applied in the biomining of several metals (Santhiya and Ting, 2006; Siddiqui et al., 2009; Thosar et al., 2014) . 
Conclusions
Our present study enabled the isolation of 10 isolates of actinobacteria and 10 isolates of fungi from rock samples collected from 3 different locations in Sinai. Morphological, cultural as well as biochemical characterization showed that all the studied actinobacteria belong to the genus Streptomyces and all the studied fungi belong to the genus Aspergillus.
We are now working molecular identification and phylogenetic studies of the isolated actinobacteria and fungi to explain the phylogenetic relationships and the relatedness between the studied isolates in each group. We are also working examining their potential in uraniumbiomining. Furthermore studies should be undertaken on a detailed basis to identify the antimicrobial compound from the isolated Streptomyces isolates and their efficacies against other pathogenic microorganisms could be useful for pharmaceutical applications. 
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